Introduction {#s1}
============

Guillain--Barre\' syndrome (GBS) is an acute inflammatory polyneuropathy, characterized by possibly progressive, essentially symmetric, weakness and areflexia; with possible sensory disturbance in a previously well child ([@B1]). With an incidence of 4 per 100,000 per year, it is the most common cause of acute flaccid paralysis worldwide since the eradication of poliomyelitis and can affect all age groups ([@B2]).

The underlying pathogenesis points to cross reactive immune responses, consequent upon molecular mimicry of certain pathogens with components of the peripheral nerve. In adult population, about a third of patients of GBS require mechanical ventilation ([@B3]), up to 20% have severe persistent neurological deficits and approximately 5% die, despite immunotherapy ([@B4]).

Cases of pediatric GBS sometimes present with acute-onset rapidly progressive respiratory failure, which can be life-threatening. Disability level in GBS is often measured using the Hughes clinical grading scale (Motor Disability Grading Scale) scored from 1 to 6, with 1 being normal, 5 being the point where patients require mechanical ventilation, and 6 equating with death ([@B5]). Early diagnosis and prompt referral for aggressive therapy may significantly improve outcomes ([@B6]). Patients with weakness impairing function, any respiratory involvement, or having bulbar insufficiency should start immunotherapy. It had been proved to be efficacious in hastening recovery and improving outcome ([@B7]), and should be started as soon as possible, before irreversible nerve damage has taken place ([@B1]).

Plasma exchange (PE) and Intravenous immunoglobulins (IVIg) are both effective for treating GBS. PE removes immunoglobulin G autoantibodies and complement, while IVIg can neutralize pathogenic autoantibodies and inhibit consequent complement activation ([@B8]). Dramatic improvement within days of starting treatment is not common and if this occurs, it may have happened regardless of treatment. Therefore, a valid approach in milder GBS cases, with no bulbar or respiratory affection, is to closely observe patients for progression in the first 2 weeks while reserving treatment for those who become non-ambulatory or unable to stand unaided ([@B9]). The optimum management of the patient with severe GBS who did not improve 10--14 days after PE or IVIg is not yet established.

The aim of our work was to study pediatric patients with severe GBS requiring intensive care unit (ICU) admission, to assess their course and response to initial treatment modality (PE or IVIg) and their final outcome.

Methods {#s2}
=======

This is a prospective observational study conducted at the Pediatric Intensive Care Units (PICUs) of Cairo University Pediatric Hospitals over a period of 18 months. During the period between April 2015 and September 2016, all critically ill patients aged between 2 months and 14 years who were admitted with severe GBS were included. All patients had either actual or impending respiratory failure, bulbar involvement or rapid progression of acute flaccid paralysis with trunk, upper limb and neck involvement within 24 h of the onset of weakness. All patients were screened and tested negative for poliovirus infection, per the national poliomyelitis surveillance program.

The study protocol was ethically approved by the research committee of the Department of Pediatrics, Faculty of Medicine, Cairo University and the research ethics committee of Kasr Alainy Faculty of Medicine, Cairo University (approval number I-150114). Informed consents were obtained and documented for all enrolled subjects from their guardians.

Patients Were Subjected to
--------------------------

### Initial Assessment

History and clinical examination. Initial laboratory work up included complete blood count, serum electrolytes, CSF examination and immunoglobulin assays when indicated. Hughes scale have been used for semi quantitative assessment of The clinical severity and disability in our patients ([@B5]). Motor power was further evaluated on a 0--5 scale for each of upper limbs, lower limbs, trunk and neck as 0 = no movement, 1 = movement with gravity, 2 = movement against gravity, 3 = movement against mild resistance, 4 = movement against moderate resistance, 5 = normal. The total motor power (0--20) was calculated for each patient.

Electro-diagnostic studies were done as soon as feasible after admission after patient stabilization, including electromyography and nerve conduction tests for at least one motor and one sensory nerve in upper and lower limbs. The clinico-pathological type of GBS was classified as either acute inflammatory demyelinating polyneuropathy or acute axonal motor or motor-sensory neuropathy (AIDP, AMAN, or AMSAN, respectively).

### Initial Treatment

Required supportive care was provided for all patients including cardio-respiratory support, chest care (suctioning and chest physiotherapy), nutritional support, and physical therapy was provided for respiratory and limb muscles after stabilization, to prevent muscle atrophy and contractures.

Five sessions of single-volume PE on alternate days were performed for all eligible patients, using the Gambro Prismaflex machine with isovolumetric substitution with 5% albumin within 24 h of PICU admission.

Intravenous immunoglobulins (IVIg) in a dose of 400 mg/kg for 5 successive days was given to patients weighing \<10 kg, those with hemodynamic instability or other contraindications of PE.

### Assessment of Response and Outcome

The response to initial treatment was assessed 5 days after the last PE session or the last dose of IVIg. Treatment failure was defined as any of the following: - Failure to extubate a mechanically ventilated patient due to either the need of respiratory support or of endotracheal suctioning and chest care.- Residual bulbar manifestations.- Severe residual motor affection of Hughes score 4 or 5.

Patients were followed until discharge from the unit. Further therapies required as well as the final outcome at discharge (survival, length of stay, duration of ventilator support and neurological condition) were recorded.

### Data Analysis

Data were subjected to statistical analysis using SPSS for windows version 18.0. Nominal data were expressed as frequency and percentage and were compared using Chi square tests. Numerical data were reported as mean and standard deviation (SD) and compared using *t*-tests for parametric data. Non-parametric data were described as median and interquartile range (IQR) and were compared using Mann Whitney *U* tests. Receiver operating characteristics (ROC) curve was used to explore the relation between total motor power on admission and response to initial treatment. *P*-values \<0.05 were considered significant.

Results {#s3}
=======

Forty cases of severe GBS were included; 21 males and 19 females, with peak presentation was in the months May until August. Thirty required mechanical ventilation, nine presented with bulbar involvement and one with rapidly progressive weakness without bulbar involvement or respiratory failure. Initial treatment consisted of PE sessions in 33 patients and IVIg in seven (17.5%). No adverse effects were noted during PE. Following the initial treatment, 16 patients improved (40%), two died and 22 (55%) showed initial treatment failure ([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}).

###### 

Descriptive data of enrolled cases and their initial treatment response.

  **Initial therapy**                            **PE (*n* = 33)**   **IVIG (*n* = 7)**   ***P*-value**
  ---------------------------------------------- ------------------- -------------------- ---------------------------------------
  **GBS disability score**                                                                
  4 (unable to walk)                             6 (18%)             3 (43%)              0.078
  5 (needs MV)                                   27 (82%)            4 (57%)              
  **EMG**                                                                                 
  Demyelinating (AIDP)                           8 (24%)             2 (29%)              0.41
  Axonal (AMAN/ AMSAN)                           25 (76%)            5 (71%)              
  Age (Mo)[^\*^](#TN3){ref-type="table-fn"}      48 (24--87)         18 (14--48)          0.10
  Weight (Kg)[^\*^](#TN3){ref-type="table-fn"}   15 (11--24.5)       11.3 (6.3--16.5)     0.19
  **Initial treatment response**                                                          
  Improved                                       11 (33%)            5 (71%)              0.031[^a^](#TN1){ref-type="table-fn"}
  Treatment failure                              21 (64%)            1 (14%)              
  Early deaths                                   1 (3%)              1 (14%)              0.11[^b^](#TN2){ref-type="table-fn"}

*Improved cases vs. those not improved (treatment failure or early death)*.

*Deaths vs. all survivals after initial treatment*.

Data expressed as frequency (percentage) except

*as median (IQR)*.

*PE, plasma exchange; IVIG, intravenous immunoglobulins; AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; AMSAN, acute motor & sensory axonal polyneuropathy; MV, mechanical ventilation*.

###### 

Comparison between clinical condition before vs. after initial treatment.

  **Progression**            **Before (*n* = 40)**   **After (*n* = 38)**   ***P*-value**
  -------------------------- ----------------------- ---------------------- ---------------
  Mechanical ventilation     30 (75%)                14 (37%)               0.0003
  Bulbar involvement         37 (93%)                11 (29%)               \<0.0001
  Extubated + No bulbar      1 (3%)                  20 (53%)               \<0.0001
  Sensory involvement        13 (33%)                3 (8%)                 0.004
  Autonomic manifestations   13 (33%)                5 (13%)                0.02

As shown in [Figure 1](#F1){ref-type="fig"}, Rapid progression within 24 h was associated with a lower rate of success of initial treatment (1/11 vs. 16/28; *p* = 0.003), 6/11 presented with AMAN, 4/11 presented with AMSAN and 1/11 with AIDP. While those with AIDP had a higher rate of success of initial treatment (8/10) compared to axonal types (8/28); *p* = 0.02.

![Relation between response to initial treatment and **(A)** disease progression rate (duration of progression) **(B)** EMG pattern. Rapid progression within 24 h was associated with a lower rate of success of initial treatment (1/11 vs. 16/28; *p* = 0.003). Those with AIDP had a higher rate of success of initial treatment (8/10) compared to axonal types (8/28); *p* = 0.02. AIDP, acute inflammatory demyelinating polyneuropathy; AMAN, acute motor axonal neuropathy; AMSAN, acute motor & sensory axonal neuropathy.](fped-07-00378-g0001){#F1}

Total motor power \<2/20 at presentation could predict initial treatment failure with a sensitivity of 76.5% and specificity of 71.5% (AUC 0.755 (95% CI 0.6--0.92); *p* = 0.008) ([Figure 2](#F2){ref-type="fig"}). Patients with initial treatment failure required significantly longer ICU stay and MV support ([Table 3](#T3){ref-type="table"}).

![Receiver operating characteristics (ROC) curve for total power at presentation vs. response to initial treatment. AUC 0.755 (95% CI 0.6--0.92); *p* = 0.008. At a cut-off of \<2/20, total motor power at presentation predicted initial treatment failure with 76.5% sensitivity, 71.5% specificity.](fped-07-00378-g0002){#F2}

###### 

Duration of support and motor power progression in the study group.

                                                         **Overall**   **Initial treatment failure**   ***P*-value**            
  ------------------------------------------------------ ------------- ------------------------------- --------------- -------- ---------
  Admission days                                         24.5          13--46                          43              25--91   \<0.001
  Mechanical ventilation days                            7             0--23                           21              9--62    \<0.001
  Power at presentation                                  1.5           0--6.25                         1               0--2     0.006
  Power post-treatment[^a^](#TN4){ref-type="table-fn"}   2.5           0--11.75                        2               0--4     0.14
  Power at discharge[^b^](#TN5){ref-type="table-fn"}     12            8--14.75                        12              6--14    0.26

P = 0.036 for power improvement before vs. after initial treatment.

*P = 0.001 for power improvement from immediately following initial treatment to discharge*.

Of those with initial treatment failure, 7/22 received further PE sessions alone and other 15/22 received complementary immunotherapy (steroids ± cyclosporine) with PE sessions. Two deaths occurred early during initial treatment (on day 4 and 6), while three other patients died between days 25--47; representing an overall mortality of 12.5%. Causes of death were sepsis with multiple organ system failure in two cases, pneumonia in two others and Non-Hodgkin lymphoma (the underlying disease) in one case.

At discharge, Favorable outcomes (patient can walk unaided) were present in 22 cases (58%); 7 of them had fully regained their power, while 11 (29%) had been discharged with minor residual weakness and 2 were still admitted. There was no significant difference regarding final outcome between those with initial treatment failure and those without \[mortality (*p* = 0.46) or favorable outcome (*p* = 0.12)\] ([Figure 3](#F3){ref-type="fig"}).

![Final outcome of the study group (In the subgroup of patients with initial treatment failure (*n* = 22) compared to the whole study group). Normal: no neurological abnormalities and normal motor power. Walk: can walk unaided (if age-appropriate) despite minor weakness. Residual: significant residual weakness, cannot walk unaided. Favorable outcomes (patient can walk unaided) were present in 22 cases (58%); 7 of them had fully regained their power, while 11 (29%) had been discharged with minor residual weakness and 2 were still admitted. Those with initial treatment failure (top bar) were not significantly different regarding either mortality (*p* = 0.46) or favorable outcome (*p* = 0.12).](fped-07-00378-g0003){#F3}

Discussion {#s4}
==========

The most common cause of acute flaccid paralysis worldwide is Guillain Barre Syndrome ([@B2]). While some cases can be severe, rapidly progressive and life threatening; prompt supportive treatment with immunotherapy can be effective ([@B10]). In this study, 40 patients admitted in the PICUs of Cairo University Pediatric Hospitals with severe GBS were enrolled, 75% of whom required MV.

Consistent with that, the scope of the present study was critically ill, particularly severe, cases; the need for mechanical ventilation in our cases was higher than that was reported in previous studies ([@B11], [@B12]). To the same effect, the vast majority (93%) of studied cases had bulbar involvement. Regarding autonomic manifestations, reported rates reached more than 50% of patients with GBS ([@B13], [@B14]), compared to 33% in our study.

In the current study, patients had severe neurological affection at presentation, further illustrated by the severity of motor weakness. The total power of the upper limbs, lower limbs, trunk and neck had a median of 1.5/20. Moreover, low total power at presentation (\<2) was found to significantly predict initial treatment response, with 76.5% sensitivity and 71.5% specificity.

Nevertheless, overall mortality in our study was 13%. Comparable to other reports of children hospitalized with GBS, ranging between 8 and 16% ([@B11], [@B15]). It is; however, notable that four out of five deaths in our series were associated with infectious complications, a possible area for outcome improvement.

Regarding motor neurological recovery, 58% of studied subjects regained normal or essentially normal power with the ability to walk unaided and 29% had significant residual weakness. Complete or almost complete functional recovery was reported in 58% of cases described by Halawa et al. ([@B15]), while severe neurological disability in adults was reported in 13% of cases by Rees et al. ([@B16]). Better outcomes were reported from Sweden ([@B17]). Satisfactory improvement following initial treatment was achieved in 40% of cases. Severe Guillain Barre Syndrome requiring PICU admission should not be considered easily responsive to therapy and outcome is related to disease severity.

In our study we used the Hughes scale for neurological assessment at presentation although we are aware of its limitation to use in infants and small children, however, we couldn\'t find a similar score specific for this age group, and all our patients were critically ill children with scores 4 and 5 at presentation.

In addition to the severity of motor weakness, rapid progression of weakness within 24 h was associated with higher odds of initial treatment failure. Rapidity of progression of symptoms was associated with poor neurological outcome in other studies as well ([@B18], [@B19]). Among the electrophysiological correlates, axonopathy has been suggested to be predictive of poor neurological outcome and prolonged respiratory paralysis ([@B20]) and was associated with rapid progression and worse outcome ([@B21], [@B22]).

Reports from western countries showed that AIDP is the most common subtype of GBS ([@B23], [@B24]), while axonopathy has been the predominant underlying subtype in East Asia and South America ([@B12], [@B25]). The vast majority (75%) of our patients had axonopathy, mostly of the AMAN variant. This could have been confounded by the fact that the current study exclusively enrolled severe cases needing PICU admission. Axonal motor neuropathy is considered a more severe disease variant ([@B22]). On the other side, AIDP was shown to have the best response to initial treatment despite they represented a minority of cases admitted to the ICU (25%) during the study period.

Plasmapheresis and IVIg had been described as equally effective therapies for GBS ([@B26]); however, several other studies reported a significant decrease in the duration of hospitalization and a significant increase in the number of children with complete recovery in severe cases treated with plasmapheresis ([@B27], [@B28]). This has been explained by that most of patients requiring MV likely have an intense autoantibody production with a high percentage of these antibodies already bound to nerves on development of respiratory failure. This subset of patients would preferentially benefit from removal of antibodies by PE, in comparison to blocking antibody production by IVIg ([@B28]). The majority of our patients required MV and initial therapy consisted of PE in most of our cases. Although these did not reach statistical significance, the seven patients who received IVIg tended to be younger, to require less MV and consequently have better initial response. The current study is neither designed nor capable of making conclusions regarding the difference between both therapies.

The use of steroids alone in patients with GBS is highly controversial, with most recent studies showing no beneficial effects, possibly due to the harmful effects of corticosteroids on de-nervated muscle or its inhibition of macrophage repair processes ([@B29]). Higher doses of intravenous steroids may be of value and were recommended as add on therapy in treatment of severe or protracted GBS by some authors, possibly in combination with IVIg ([@B30]). Treatment of children who fail to respond appropriately to initial therapy remains an important and controversial issue.

In conclusion, children with severe GBS requiring ICU admission show a high proportion of the more severe and resistant axonal type. Despite low mortality, about half of these patients fail to respond adequately to initial specific therapy with PE or IVIg. Rapid progression of weakness within 24 h and low motor power on admission were associated with a poor response. Infections were the main cause of mortality. Finally, favorable neurological outcome on discharge is achieved in 58% of cases. Management of initial treatment failure is a potential area for further study.
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